Studies of the Low-energy Gamma Background  by Bikit, K. et al.
  Physics Procedia  59 ( 2014 )  56 – 62 
Available online at www.sciencedirect.com
1875-3892 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Guest Editor: Mr. Stephan Oberstedt - stephan.oberstedt@ec.europa.eu
doi: 10.1016/j.phpro.2014.10.009 
ScienceDirect
*DPPD6FLHQWLILF:RUNVKRSRQWKH(PLVVLRQRI3URPSW*DPPD5D\VLQ)LVVLRQDQG
5HODWHG7RSLFV
6WXGLHVRIWKHORZHQHUJ\JDPPDEDFNJURXQG
.%LNLW'0UÿD,%LNLW-6OLYND09HVNRYLF'.QH]HYLF
'HSDUWPHQWRI3K\VLFV)DFXOW\RI6FLHQFHV8QLYHUVLW\RI1RYL6DG7UJ'RVLWHMD2EUDGRYLFD1RYL6DG6HUELD


$EVWUDFW
7KH LQYHVWLJDWLRQV RI FRQWULEXWLRQ WR WKH ORZHQHUJ\ SDUW RI EDFNJURXQG JDPPD VSHFWUXP EHORZ
NH9DQGNQRZLQJGHWHFWLRQHIILFLHQF\IRUWKLVUHJLRQDUHLPSRUWDQWIRUERWKDIXQGDPHQWDODVZHOODV
IRU DSSOLHG UHVHDUFK ,Q WKLV ZRUN WKH FRPSRQHQWV FRQWULEXWLQJ WR WKH ORZHQHUJ\ UHJLRQ RI EDFNJURXQG
JDPPD VSHFWUXP IRU VKLHOGHG GHWHFWRU DUH DQDO\]HG LQFOXGLQJ WKH SURGXFWLRQ DQG VSHFWUDO GLVWULEXWLRQ RI
PXRQLQGXFHGFRQWLQXRXVORZHQHUJ\UDGLDWLRQLQWKHYLFLQLW\RIKLJKSXULW\JHUPDQLXPGHWHFWRU
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6RPHRIWKHH[DPSOHVLQIXQGDPHQWDODQGDSSOLHGUHVHDUFKZKHUHWKHH[SORUDWLRQRIEDFNJURXQGHYHQWVLQ
ORZHQHUJ\JDPPDUHJLRQLVQHFHVVDU\DUHJLYHQEHORZ

D 7KHSUHGLFWHGZHDNO\LQWHUDFWLQJPDVVLYHSDUWLFOHV:,03VZKLFKDUHWKHEHVWFDQGLGDWHVIRUGDUN
PDWWHUVKRXOGFDXVHQXFOHLUHFRLOVLQGHWHFWRUDFWLYHYROXPHRIXSWRNH96LVWL
E :HDNORZHQHUJ\QXFOHDUWUDQVLWLRQV
F 0DQ\UDGLRQXFOLGHVLQHQYLURQPHQWDOVDPSOHV83EHPLWJDPPDUD\VZLWKHQHUJLHVRIVHYHUDO
WHQVRINH9ZKLFKDUHXVHGIRUGHWHUPLQDWLRQRIWKHLUDFWLYLW\FRQFHQWUDWLRQV

,QRUGHUWRREWDLQTXDQWLWDWLYHUHVXOWVRIPHDVXUHPHQWVWKHHIILFLHQF\FDOLEUDWLRQRIJDPPDGHWHFWRUVKRXOG
EHSHUIRUPHG+RZHYHUWKHGHWHUPLQDWLRQRIWKHORZHQHUJ\HIILFLHQF\RIKLJKSXULW\JHUPDQLXP+3*H
GHWHFWRUVLVWKHPRVWGLIILFXOWWDVNLQGHWHFWRUFDOLEUDWLRQ
7KHFRQWULEXWLQJFRPSRQHQWVWRWKHORZHQHUJ\JDPPDEDFNJURXQG
7KHFRQWULEXWLRQRIHQYLURQPHQWDO UDGLRDFWLYLW\ WR WKH ORZHQHUJ\VSHFWUDOSDUWRIJDPPDVSHFWUDFDQEH
VLJQLILFDQWO\UHGXFHGE\SDVVLYHVKLHOGLQJRIJHUPDQLXPGHWHFWRUZLWKGHQVHPDWHULDOVVXFKDVOHDG,Q)LJ
WKH FRPSDULVRQ EHWZHHQ ORZHQHUJ\ SDUWV RI JDPPD VSHFWUD EHORZ  NH9 IRU XQVKLHOGHG DQG OHDG
VKLHOGHG+3*HGHWHFWRUUHODWLYHHIILFLHQF\FPRIGHWHFWRUDFWLYHYROXPHLVSUHVHQWHG0UÿDHW
DO

)LJ7KHORZHQHUJ\UHJLRQVRIXQVKLHOGHGXSSHUVSHFWUXPDQGOHDGVKLHOGHG+3*HGHWHFWRUORZHUVSHFWUXP7KHUDWLRRIVSHFWUDO
LQWHQVLWLHVIRUWKHHQHUJ\LQWHUYDONH9NH9LVDERXW
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6HYHUDOFRPSRQHQWVFRQWULEXWHWRWKHORZHQHUJ\UHJLRQRIEDFNJURXQGJDPPDVSHFWUXPIRUWKHVKLHOGHG
GHWHFWRU

x7KH&RPSWRQVFDWWHUHGHYHQWVRIKLJKHQHUJ\JDPPDUD\V.7O
x;UD\IOXRUHVFHQFHIURPPDWHULDOVLQGHWHFWRUYLFLQLW\%LNLWHWDO
x &RQWLQXRXV UDGLDWLRQ GLVWULEXWLRQ LQGXFHG E\ FRVPLFUD\ PXRQV LQ PDWHULDOV IURP GHWHFWRU
VXUURXQGLQJVDFWLYHVKLHOGLQJQHFHVVDU\IRUIXUWKHUEDFNJURXQGUHGXFWLRQ
x%UHPVVWUDKOXQJIURP3ESUHVHQWLQGHWHFWRUOHDGVKLHOG
x1XFOHLUHFRLOVLQGHWHFWRUDFWLYHYROXPHGXHWRHODVWLFDQGLQHODVWLFQHXWURQVFDWWHULQJ
7KH&RPSWRQVFDWWHUHGHYHQWV

7KH H[SHFWHG HIIHFWV RI&RPSWRQ VFDWWHULQJRI 0H9JDPPD UD\V HPLWWHGRXWVLGHRI OHDG VKLHOG RQ
GHWHFWHG JDPPD VSHFWUXP DUH SUHVHQWHG LQ )LJ  ,Q RUGHU WR DYRLG DOO RWKHU FRQWULEXWLRQV ZKLFK FDQ EH
LQYROYHGLQUHDOH[SHULPHQWDOFRQGLWLRQV WKLVVSHFWUXPLVREWDLQHGE\*($17VLPXODWLRQWRRONLW*HDQW
&ROODERUDWLRQ  $V D UHVXOW RI &RPSWRQ VFDWWHUHG KLJKHQHUJ\ JDPPD UD\V ZLWKLQ OHDG VKLHOG DQG
JDPPDGHWHFWRU WKH DSSUR[LPDWHO\XQLIRUPGLVWULEXWLRQRI GHSRVLWHG HQHUJLHV RYHUZLGH HQHUJ\ LQWHUYDO LV
REWDLQHGLQFOXGLQJWKHORZHQHUJ\LQWHUYDO

3E;UD\IOXRUHVFHQFH

7KHLQWHQVLW\RI.DDQG.E;IOXRUHVFHQFHUD\VIURPOHDGFDQEHYHU\VWURQJLIDSSURSULDWHLQQHUOLQLQJ
IRUOHDGVKLHOGLVQRWDSSOLHG9HU\RIWHQWKHFDGPLXPOD\HUZLWKPPWKLFNQHVVLVXVHGDVDOLQLQJPDWHULDO
+RZHYHUVLQFH&GKDVDUHODWLYHO\KLJKFURVVVHFWLRQIRUWKHUPDOQHXWURQFDSWXUHWKHFRUUHVSRQGLQJJDPPD
OLQHVIURP&GQJ&GUHDFWLRQPD\EHSUHVHQWLQEDFNJURXQGVSHFWUXPNH9NH9
7KHRWKHUSRVVLELOLW\LVWRXVHWLQDQGFRSSHUOD\HUV,QILJXUHWKHUHGXFWLRQRI3E;UD\VE\DFPWKLFN&X
OD\HULVVKRZQIRUDQ³H[WHQGHGUDQJH´+3*HGHWHFWRU




)LJ7KHVLPXODWHGJDPPDVSHFWUXPRIHYHQWVUHJLVWHUHGE\WKHGHWHFWRUDVDFRQVHTXHQFHRIPRQRHQHUJHWLF0H9JDPPDUD\V
HPLWWHGRXWVLGHRIDFPWKLFNOHDGVKLHOG

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&RQWLQXRXVUDGLDWLRQGLVWULEXWLRQLQGXFHGE\FRVPLFUD\PXRQV

$OWKRXJKWKHSUHVHQFHRIWKLFNOD\HUVRIPDWHULDOVLQWKHYLFLQLW\RI+3*HGHWHFWRUVXFKDVWKLFNFRSSHU
OD\HULVHIILFLHQWIRU3E;UD\IOXRUHVFHQFHUHGXFWLRQWKLVDOVRFDXVHVWKHLQFUHDVHLQLQWHQVLW\RIORZHQHUJ\
FRQWLQXRXV UDGLDWLRQ SURGXFHG E\ FRVPLF UD\ PXRQV 7KH FRLQFLGHQFH PHDVXUHPHQWV EDVHG RQ SODVWLF
VFLQWLOODWLRQGHWHFWRUVDQGJHUPDQLXPGHWHFWRUFDQEHXVHGIRULQYHVWLJDWLRQRIPHQWLRQHGFRQWLQXRXVVSHFWUDO
GLVWULEXWLRQDULVLQJIURPGHWHFWRUVXUURXQGLQJPDWHULDOLQFOXGLQJGHWHUPLQDWLRQRIHIIHFWLYHFURVVVHFWLRQVIRU
ORZHQHUJ\FRQWLQXXPSURGXFWLRQ%LNLWHWDO

 
)LJ7KHORZHQHUJ\UHJLRQVRIEDFNJURXQGJDPPDVSHFWUD$ZLWKRXWLQQHUOLQLQJRIOHDGVKLHOG%ZLWKFPWKLFN&XOLQLQJ
%UHPVVWUDKOXQJLQGXFHGE\3ELQOHDGVKLHOG

7KHLVRWRSH3EHPLWVRQO\DZHDNORZHQHUJ\ȖUD\DWNH9ZKLOHLWVGDXJKWHU%LLVDQ
DOPRVW SXUH ȕHPLWWHU (ȕPD[    0H9 :H XVHG D VHPLHPSLULFDO PHWKRG IRU WKH HVWLPDWLRQ RI
EUHPVVWUDKOXQJ LQWHQVLW\ LQGXFHG E\ 3E LQ WKH EDFNJURXQG RI WKH *0; W\SH ³257(&´ +3*H
VSHFWURPHWHUZLWKQRPLQDOHIILFLHQF\RI 7KH3EFRQWHQWLQWKHOHDGVKLHOGLVPHDVXUHGWREH
%TNJ ,Q ILJXUH  WKH FDOFXODWHG EUHPVVWUDKOXQJ GLVWULEXWLRQ FRPSDUHG ZLWK WKH PHDVXUHG EDFNJURXQG
VSHFWUXPLVSUHVHQWHG

:HIRXQGWKDWWKHEUHPVVWUDKOXQJFRQWULEXWLRQWRWKHVSHFWUDOLQWHQVLW\LQWKHUHJLRQXSWRNH9LVDERXW
IRURXUVXUIDFHEDVHGGHWHFWRU0UÿD'HWDO

1XFOHLUHFRLOVLQGHWHFWRUDFWLYHYROXPH

$VDQH[DPSOHRILQHODVWLFVFDWWHULQJRIQHXWURQVLQJHUPDQLXPFU\VWDOWKHNH9OLQHIURP*HQQ

*H LV DQDO\VHG E\ FRLQFLGHQFH FLUFXLW RI JHUPDQLXP GHWHFWRU DQG SODVWLF VFLQWLOODWRU 7KH FKDQJHV LQ WKH
LQWHQVLW\DQGVKDSHRIWKHNH9OLQHIRUGLIIHUHQWVHOHFWHGLQWHUYDOVRIWKHWLPHVSHFWUXPZHUHREVHUYHG
7KXVWKHILQHEURDGHQLQJRIWKHVHOHFWHGWLPHLQWHUYDOWRZDUGIDVWHUHYHQWVOHGWRDPRUHSURPLQHQWWDLORIWKLV
OLQH GXH WR WKH IDFW WKDW IDVWHU QHXWURQV LH PRUH HQHUJHWLF QHXWURQV FDXVH ODUJHU UHFRLOV RI JHUPDQLXP
QXFOHL0UÿDHWDO

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)LJ7KHEUHPVVWUDKOXQJFRQWULEXWLRQEODFNDUHDWRWKHPHDVXUHGEDFNJURXQGVSHFWUXP

'HWHUPLQDWLRQRIGHWHFWLRQHIILFLHQF\IRUORZHQHUJ\UHJLRQ
:H FRPSDUHG WKH UHVXOWV RI HIILFLHQF\ FDOLEUDWLRQ EHORZ  NH9 IRU H[WHQGHG UDQJH +3*H GHWHFWRU
REWDLQHG E\ H[SHULPHQWDO DSSURDFK XVLQJ $P SRLQW VRXUFH ZLWK HIILFLHQFLHV GHWHUPLQHG E\*($17
VLPXODWLRQVRIWZDUH7KHVFKHPDWLFYLHZRIH[SHULPHQWDOVHWXSIRUGHWHUPLQDWLRQRIGHWHFWLRQHIILFLHQF\DQG
WKHFRUUHVSRQGLQJVRXUFHGHWHFWRUJHRPHWU\IURP*($17VLPXODWLRQDUHJLYHQLQ)LJ





)LJ7KHH[SHULPHQWDOVHWXSDDQGVRXUFHGHWHFWRUJHRPHWU\IURP*($17VLPXODWLRQEIRUGHWHUPLQDWLRQRIGHWHFWLRQ
HIILFLHQF\IRUORZHQHUJ\UHJLRQ

7KH      NH9 WUDQVLWLRQV LQ WKH FDOLEUDWHG  N%T DFWLYLW\ $PSRLQW VRXUFH
ZHUHXVHGWRFKHFNWKHVLPXODWHGHIILFLHQFLHV7KHFRPSDULVRQRIH[SHULPHQWDOGDWDZLWK*($17UHVXOWVLV
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SUHVHQWHG LQ )LJ  ZKLOH WKH UHODWLYH GLIIHUHQFHV EHWZHHQ PHDVXUHG DQG VLPXODWHG HIILFLHQF\ YDOXHV DUH
VXPPDUL]HGLQ7DE

7KH SRVVLEOH RULJLQ RI WKHVH GLIIHUHQFHV FDQ EH FDXVHG E\ WKH IDFW WKDW WKH PDQXIDFWXUHU QRW H[DFWO\
VSHFLILHGWKHOD\HUWKLFNQHVVHVQHFHVVDU\IRUVLPXODWLQJWKHGHWHFWRU+RZHYHURXUHIILFLHQF\VLPXODWLRQVIRU
RWKHU GHWHFWRUV ZKLFK DUH QRW RI H[WHQGHGUDQJH W\SH GR QRW VKRZ VXFK GLVFUHSDQFHV FRPSDUHG WR
H[SHULPHQWDOYDOXHV



)LJ&RPSDULVRQRIWKHGHWHFWRUHIILFLHQF\REWDLQHGIURPH[SHULPHQWDQGXVLQJ*($17VLPXODWLRQVRIWZDUH

7DEOH7KHUHODWLYHGLIIHUHQFHVEHWZHHQPHDVXUHGDQGVLPXODWHGHIILFLHQFLHVIRUORZHQHUJ\UHJLRQ
(QHUJ\>NH9@ 5HODWLYHGLIIHUHQFHV








 

&RQFOXGLQJUHPDUNV
0DQ\IDFWRUVLQIOXHQFHWKHORZHQHUJ\EDFNJURXQGLQJDPPDVSHFWURPHWU\DQGWKHLUFRQWULEXWLRQVVKRXOGEH
FDUHIXOO\DQDO\]HGIRUHDFKVSHFLILFVLWXDWLRQH[SHULPHQW7KHUHGXFWLRQRIORZHQHUJ\VSHFWUDOFRQWULEXWLRQ
FDQ EH DFKLHYHG E\ VHOHFWLQJ WKH SURSHU VXUURXQGLQJ PDWHULDOV IRU JDPPD GHWHFWRU DV ZHOO DV E\ DFWLYH
VKLHOGLQJ
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0RQWH&DUOR VLPXODWLRQV LQ FRPELQDWLRQ ZLWK PHDVXUHG UHVXOWV DUH WKH PRVW HIIHFWLYH DSSURDFK IRU
LQYHVWLJDWLRQRIORZHQHUJ\EDFNJURXQGFRPSRQHQWV
7KHGHWHUPLQDWLRQRIGHWHFWLRQHIILFLHQF\ IRU ORZHQHUJ\UHJLRQ LVDGLIILFXOW WDVN LQFDVHRIYDULRXVVRXUFH
W\SHVDQGVRXUFHGHWHFWRUJHRPHWULHV7KXVWKHVLJQLILFDQWGLVFUHSDQFLHVFDQEHH[SHFWHGEHWZHHQPHDVXUHG
DQGVLPXODWHGUHVXOWV
$FNQRZOHGJHPHQWV
7KHDXWKRUVDFNQRZOHGJHWKHILQDQFLDOVXSSRUWRIWKH0LQLVWU\RI(GXFDWLRQ6FLHQFHDQG7HFKQRORJLFDO
'HYHORSPHQWRI6HUELDZLWKLQWKHSURMHFWV1RDQG1R

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